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[bookmark: _Hlk179030183]Abstract: Cassava (Manihot esculenta, Crantz), when processed into food for human consumption yields different taste of food products, such as pupuru. Pupuru is highly rich essential body nutrients However, the traditional methods of processing it is unproductive when compared to the energy input and incapable of meeting the global demands. These challenges have triggered efforts towards mechanizing its processing, with the intention of alleviating them. Based on this, this study focused on development of an automatic combined conveyor-heat extractor to be utilized in achieving these tasks in 10 kg/batch pupuru processing plant. An automatic combined conveyor and heat extractor was developed with locally sourced materials. The machine, basically, comprises the: feeding system, screw conveyor, gear reduction motor, extraction fans and frame. Five set of experiments were carried out in order to evaluate its performance. The results revealed that the machine has average throughput capacity of  24.47 kg/h and is capable of reducing the heat content of pupuru lumps from 80 oC to 27 oC. The results also revealed that the performance of the machine improves with decrease in the moisture content and increase in the heat content. It was concluded that that the incorporation of this machine into the processing line is an advantage in enhancing food security.
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INTRODUCTION

The primary objective of post-processing of food items is the transformation of raw foods into products with improved eating quality and shelf life (Singh, 2007; Grumezescu & Holban, 2018). Drying is one of the most ancient methods of food preservation known to and practised by mankind. 
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Preservation of foodstuff by drying either in the sun or over metallic objects fired underneath with heat generated from burning of heaps of firewood has been practised since prehistoric times and is still a vital operation in the life of many rural dwellers.  However, despite the importance of drying in food processing, the effect of the heat retained by the drying feedstock on adjacent equipment, facilities, required for executing other processing stages needs not jettisoned. Thus, after drying the excess heat in the heat-laden feedstock (lumps of pupuru) is often reduced to tolerable level by a process called precooling (otherwise called heat extraction or rejection process). This heat rejection process is often done to prevent: malfunctioning of the processing machine(s) required for achieving the new processing stage(s), which could arise as a result of unequal variation in the geometric dimensions of their components arisen from abrupt drop in temperature between the heat-laden feedstock being conveyed and fresh air hovering it; stack burning, and growth of hemophilic bacteria (Istvan, 2012)Hence, the use of material handling and heat extraction equipment for performing these tasks are significant facilities for enhancing the productivity, safety and security of food (Yuan; 2020; Waseem et al., 2021).
Material handling, which simply connotes movement of material (Stephens and Meyers, 2010), contributes a considerable proportion to the product quantity and quality, and economic benefits of the firm involved. Elevators (bucket elevator) conveyors (screw and belt) cranes and lifts (fork lift) are some of the equipment for achieving this task. The application of any of these handling facilities along the production lines depends not only on the properties of the material (feedstock) involved, but also on the level of accessibility to the lines.  One of the most important systems of mechanical handling equipment used for moving material from one location to another in processing plants is the conveyor system. According to Florin and Lulian (2018), conveyors are transfer systems which are used to carry different products in successive steps up to the point of destination According to Florin and Lulian (2018), conveyors are transfer systems which are used to carry different products in successive steps up to the point of destination. Thus, in processing lines and most especially where the feedstock is laden with heat, a screw conveyor system is one of the typical equipment used for achieving the material handling process, as it permits incorporation of steam jackets for trapping unwanted heat (Roberts, 2011).
Different studies had been conducted in recent time to assess significance of handling facilities and precooling product during processing. Stefan et al., (2018) researched into the criteria for deciding conveyor type. The searchers utilized analytical hierarchy process (AHP) and Hurwitz methods for evaluating; the results revealed that the biggest criteria belong to economic criteria with 59 %, then techno/logical criteria with 25 % and with 16 % is external costs.  Nicolai et al. (2004) investigated the capacity, volumetric efficiency, and power requirements for a 0.2 m and a 0.25 m diameter conveyor, operating in a speed range of 250 to 1100 rpm at inclination angles of 13, 20, and 30o. The results of their findings revealed that increasing the conveyor speed increased the capacity up to a maximum value, and further increase in speed caused a decrease in capacity. The results also revealed that for every 100 rpm increase in conveyor screw speed, the volumetric efficiency decreased by an average of 3 %; while variation in conveyor inclination angle did not affect the volumetric efficiency relative to the screw speed. 
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Athapol et al. (1991) developed a precooling unit for evaluating different methods of cooling tropical fruits and vegetables. In the research, the unit was specifically used to precooling cucumbers, mango and pawpaw. The results of the research indicated that cucumber, mango and pawpaw could be best precooled through hydro-aircooling, hydrocooling and forced-air cooling. Alibas and Koksal (2014) evaluated precooling parameters when Cauliflower (Brassica oleracea. L. var.botrytiscv) is precooled through forced-air, vacuum and hydro-precooling. During the investigation, the researchers measured the time-dependent temperature, energy consumption, decreasing pressure values and plotted curves of time-dependent pressure as pertained to each of the precooling methods. 
The results revealed that the most suitable method to precool cauliflower, in terms of cooling time, quality parameters and energy consumption was vacuum, followed by hydrocooling and forced-air cooling. However, from these recent studies, research on the importance of combining processing stages for the purpose of making the processing equipment dual or multi-purpose is scanty. Hence, this study focused on the development of an automated combined conveyor and heat extractor for use in Pupuru processing plant.

MATERIALS AND METHODS
2.1 Materials and Equipment used for Fabrication
The machine, basically, comprises the: feeding unit, screw conveyor, air circulating system and the mechanical power transmission section including the discharge chute. Each of the components of the sub units was selected based on the outcomes of the calculated data and relevant engineering standards. The materials used in its construction include: stainless and mild steel sheets, lengths of 50mm by 50 mm by 5 mm mild steel angle iron, pieces of G10 electrodes and sets of bolts and nuts (M3, M6, M10 and M12 Bolts and nuts), Gear reduction motor, heat extractor fans. The choice of selecting each of these materials was based on the results of the design analysis and available relevant engineering standards. The equipment used in the fabrication exercise include: measuring tape, try-square, cutting machine, grinding machine, manual metallic arc welding machine, drilling machine. The measuring tape (Model: Liang Jin) was used to do the marking out of the parts For the purpose of ensuring straightness in measured dimensions and squareness of assembled parts during assembly of the machine, try-square (Model: Yama Ever) was used; cutting of the measured parts to desired geometrical dimension including dulling of the sharp edges produced on workpiece (plate and angle bars) during cutting and fettling of spatters emanated from the welding process, a Bosch-type cutting/grinding machine was used. and for the purpose of ensuring generation of concentric holes on components that needed temporarily fastening with bolts and nuts, drilling machines (Models: Lemartech and Total impact) were used. The entire welding process was performed with manual metallic arc welding machines (Models: Power plus – BXI-400, and Express weld inverter MMA-400).  

2.2 Principles of Operation and Theoretical Analysis
This section presents principles of operation, details of the design assumptions and calculations used for estimating the specifications of the components and evaluating the performance of the machine.  As the name implies, the system comprises two units, conveyor for conveying and heat extractor for cooling the conveyed feedstock prior to the milling stage. The conveyor works based on the principle of helix, According to Oke & Ayodeji (2020), a helix is the locus of a point which moves simultaneously around and along a cylinder; the ratio of the two movements being constant When the feedstock is charged into the hopper, the inclination of the hopper sidewalls enables the feedstock to gradually fall by gravity into the conveyor trough. As the screw shaft rotates within the fixed trough, the rotation causes the content to move along the screw worm in a direction that depends on the hand of the flights. 
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The hand of flight and shaft’s direction of rotation determine the position of the inlet and outlet chute
The heat extraction unit causes cooling of the feedstock based on two modes of heat transfer, conduction and convection. It cools the feedstock by transferring heat from the heat-laden feedstock to the parts of the conveyor (wall of the trough and ager shaft) that are in direct contact with it by conduction. It utilizes conduction mode of heat transfer to exchange heat between the conveyed feedstock and the machine parts (trough, auger shaft) that are in direct contact with the feedstock, and utilizes convection modes of heat transfer to dissipate heat from the feedstock to the circulating fresh air hovering it.  
.
2.2.1 Design Assumptions
The following assumptions was considered in the course of designing each sub-unit of the system (feeding, milling and sifting), according to: Fellows (2000) Union iron (2013); KWS Screw Conveyor Engineering Guide (2014); Kuye et al., (2011); Jurandir (2020)
i. Trough loading factor () is 30 %;
ii. Correction factor for 5o trough inclination is 1.15;
iii. Density of dried pupuru is in the range of 470 – 640 kg/m3 (470 kg/m3 assumed);
iv. Heat extractor speed () can be 1280, 1750, 2300 and 3150 rpm (2300 rpm assumed);
v. Material factor () for the feedstock is 5 %;
vi. Density and specific heat capacity of air at 25 oC are 1.168 kg/m3 and 1.005 kJ/kgoC;
vii. Air exchange rate () for processing plants ranges from 4 – 14 (4 assumed);
viii. Extraction efficiency of heat extractor is 50%;
ix. Efficiency of the electric motor () is 50 %; and
x. Packaging losses range from 0 – 10 % (5 % assumed)

2.2.2 Design Calculations 
Feeding Unit (hopper)
The hopper serves as the entrance for feedstock; it funnels the feedstock, by gravity, to the conveyor. In order to avoid feedstock spillage when the machine is in operation, extra volume to cater for this, in term of the percentage of the rated volume () was added. Therefore, the hopper capacity was obtained with equation (1), according to Kuye et al., (2011)

	 = 									(1)
where:  is the rated capacity of the plant (kg/h);  is the feedstock residence time (minute), and is the feedstock density 
Based on the geometric properties of the cassava tubers, the geometrical dimensions of the feeding unit with reference to the design capacity of this machine was determined with equation (2), based on iterations:
 = 											(2)
where: , ,  and  are height, width, top length and bottom length of the hopper
Conveyor
For the purpose of enhancing space utilization and creating adequate residence time for cooling of the heat-laden feedstock or enhancing the heat extraction rate while conveying the feedstock, a U-shaped screw conveyor inclined at an angle of 25o was utilized. It comprises a u-shaped trough, screw shaft centrally positioned within the trough by two pieces of flange bearing fastened to the trough end plates to facilitate proper rotation of the screw shaft and conveyance of the charged feedstock when the machine is in operation. Assuming a clearance () is maintained between the tip () of the screw and wall of the trough to prevent seizure of flights and fall back of feedstock during operation, the internal diameter of the trough () was determined with equation (3)
	   =  + 2										(3)33

The hourly capacity (Q) of the conveyor (in kN/h) was estimated with equation (4), using the modified equation described by Sadhu (2009)
	Q = 										(4)
The thickness of the milling chamber () was obtained with equation (5) as described by Thakore and Bhatt (2004); Sadhu, (2004)
	 =  + 									(5)
where:  is the trough loading factor (%);  is the density of the feedstock (pupuru lumps, in kg/m3);   is the cross-section of the conveyor internal wall;  is the internal design pressure (N/m2);  is the allowable stress of chamber material at design temperature (N/m2); E is the joint efficiency (with value of 0.7), and   is the material corrosion allowance (mm).
For a conveyor with short pitched worm, the pitch capacity factor () is 1.5 and cut flight capacity factor is 1.0 (KSW screw conveyor manufacturer’s catalogue, 2010) Therefore, the conveyor selected capacity () was determined with equation (6)
	 = . . 									(6)
The rotational speed of the conveyor () can be obtained with equation (7)
	 = 										(7)
where:  is the hourly volumetric capacity, and    is the capacity of the conveyor at 1.0 rpm (with value of 14.126 m3/h)

Determination of Size of Electric Motor
Due to the high value of the speed ratio required to achieve the design capacity which might necessitate the need for compound pulley system, a gear reduction motor was therefore considered. The power () of the Gear reducing motor required to drive the conveyor comprises the frictional power () and material power (). The total theoretical power was determined with the modified equation (8) as described by Kuye et al (2011); KSW (2014) 
	 = 								(8)
where:  is the length of the conveyor;  is the screw diameter factor;  is the hanger bearing factor;  is the conveyor rated rotational speed (rpm);  is the material factor, and  is the gear reduction motor efficiency (%).

Selection of Size of the Heat Extractor
The precooling section utilizes sets of heat extractor to facilitate prompt cooling of the heat-laden-feedstock as it is being conveyed from the discharge chute of the drying machine to the inlet chute of the next post-processing machine with the plant (combined milling-sifting machine). In order to protect the heat extractor from overheating, during the precooling process, the final temperature of the air () was restricted to 35 oC. The theoretical volumetric flow rate of air  ) required to achieve effective cooling of the feedstock from the drying temperature () to the storage temperature ()) of 27 oC was determined with equation (9)
		= 									(9)
The actual volume of air () required was determined with equation (10)
	 = 									(10)
The air volume flow required in the trough () at air exchange rate of   was determined with equation (11)
	 = 									(11)
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The volume of air () that could be supplied by the extractor, with operational efficiency of η %, over a unit time was determined with equation (12)
	 = 									i	(12)
where: is rated conveying capacity (kg/h);  is the specific heat capacity of feedstock (kJ/kgoC);  and  are initial and final temperatures of charged feedstock (oC);  is the air density (kg/m3);  is the specific capacity of air (kJ/kgoC); and  are the entry and leaving air temperatures (oC); , ,  and  are the diameter, height and length of conveyor trough (m);  and  are the diameter (m) and rotational speed of the extractor fan (rpm).
Frame Structure
This is the member of the machine that gives shape, supports and encloses the machine; it bears the total weight of the entire members of the machine. It is constructed with 50 x 50 x 5 mm angle iron. These specifications (material and geometric sizes- thickness and width) were considered based on its strength, ability to offer required rigidity to withstand the weight acted on it and it is not in contact with the feedstock. Fig. 1 shows the isometric and exploded view of the developed combined conveyor and heat extractor drew with Solidworks computer software
[image: ]
Fig.1 Isometric and exploded view of the developed combined conveyor and heat extractor

2.3 Performance Evaluation parameters
The performance of the developed combined conveyor -precooling machine was evaluated based on the following parameters 

Rate of Discharge
This describes the quantity of the feedstock exiting the discharge chute of the conveyor per unit revolution of its shaft. It was determined with modified equation (6) described by Zereiforoush et al (2010); Ayodeji et al (2021);
Q = 									(13)
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where Q is theoretical volumetric capacity (/s);  is screw flighting diameter (m);  is screw shaft diameter (m);   is the screw pitch (m); is the Screw rotational Speed, (rev/s), and Ø is the trough loading factor (%)
Throughput Capacity
The throughput capacity (TR), otherwise called the productivity, is defined as the quantity of the feedstock conveyed over a period of one hour. According to Adegun et al. (2011); Adedipe et al. (2021), it was determined with equation (14)
											(14)
where: is the feedstock conveying time (h).

2.4 Machine Fabrication
The combined conveyor and heat extractor was fabricated at the central workshop of the Department of Mechanical Engineering. The fabrication was done with 2.0 mm thick of stainless; plate, a 1.5 hp electrically powered gear reduction motor was adopted for generating the mechanical power, and 3 pieces of 30 W/220 V/50 Hz/1300 rpm (labelled H1, H2 a and H3) were equi-positioned along the length of the conveyor for achieving the precooling stage. The choice of utilizing these adopted sizes was based on the fact that the calculated sizes/specifications were hard to acquire in the market and to foster the principle of interchangeability of parts, in case of malfunctioning of component(s). The Federal University of Technology, Akure. Plate 1 shows the photograph of the developed combined conveyor and heat extractor.

[image: ]
Plate 1. Picture of combined conveyor and heat extractor

2.5 Performance Evaluation Procedure
The performance characteristics of the developed combined conveyor and heat extractor machine were evaluated based on the following parameters: throughput capacity, Conveyor discharge rate per unit revolution of the shaft and the heat rejection rate (variation in term of the temperature). In order to determine the performance characteristics of the heat extractor with respect to the thermal loading conditions of the charged feedstock (heat-laden pupuru) during operation, the extraction fans, labelled H1, H2 and H3, were individually programmed to work at different temperatures, detailed in the following order:
i. H3 programmed to work only when the temperature of the charged feedstock is between 27.1 – 29.8 oC;  
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ii. H1 and H3 work only when the temperature of the charged feedstock is between 30 – 60 oC; 
iii. All the extractors, H1, H2 and H3, work when the temperature of the charged feedstock is above 60 oC, and
iv. The extractors all remain idle when the temperature of the charged feedstock falls below 27.1 oC.

2.6 Machine Description 
As the name implies, the system comprises two units, conveyor for conveying and heat extractor for cooling the conveyed feedstock prior to the milling stage. The Screw conveyor is used to convey dried Pupuru lumps exiting the discharge unit of the drying machine. The conveyor consists of pieces of steel strips machined from 2mm thick plate, twisted into worms, equally pitched and welded along the periphery of a 50 mm diameter shaft referred to as the flight. The distance along the pipe from one point on the flight to the next similar point is called the ‘’Pitch’’; a plate rolled into u-shape profile, called the trough, it houses the formed screw shaft and serves as the container along which the feedstock is conveyed. The screw shaft is centrically positioned and held in position by two pieces of E206/E306 flange bearing fastened to the faceplate held at the two opposite ends of the trough with twelve (12) pieces of M12 x 24 hexagonal nuts. The conveyor is connected to shaft of the power transmission source (386 hp gear reduction motor) with the aid flange coupling to enhance rotation and prevent twisting of any of the shafts in case of any misalignment or malfunctioning. The precooling unit utilizes three sets of 30 W/ 230 V/ 50 Hz heat extraction fans (H1, H2 and H3) equally fastened the top cover of the trough with 4 pieces of M4 x 30 bolts and nuts supported with 2 mm thick stainless-steel washers each, immediately at a distance of 65 mm away from the hopper. The machine when in operation, the conveyor utilizes combination of gravitational force due to the mass of the charged feedstock and frictional force between the feedstock and the trough wall to propel the feedstock. The fan of the heat extraction unit works based on electrical signal detected by the temperature sensor on their respective probes (terminals). Each the fans responses based on their set temperature with reference to the inherent thermal loading condition (heat content) of the feedstock. 

2.7 Experimentation Sample 
The raw material (feedstock) used is lumps of dried pupuru procured from Pupuru Stalls in Ilaje, Southern part of Ondo State, Nigeria. The feedstock was procured directly from outside, instead of being a product obtained from a processing stage (drying) of the pupuru processing plant as the construction of the machine required for this stage is still ongoing. Before the feedstock was fed into the developed machine, temperature of each of the samples of the feedstock and prevailing ambient temperature were noted with digital multi-thermometers (Model: ETC-200+; H-9283). Known mass (5.0 kg) of the feedstock was then measured, in succession, with mass Balance (Model: SF-400) and filled into five (5) bags, labelled S1, S2, and S3, S4, and S5 respectively. Sample S1, whose temperature maintained at below 27.1 oC, was charged into the machine, and the response of the three extractors mounted on the conveyor were noted. The time taken () to process the charged feedstock was recorded with a stopwatch. Also, the temperature of the feedstock as it exited the machine discharge chute was noted and recorded. More so, the mass of feedstock ( ) discharged per revolution of the screw shaft was measured with mass balance positioned immediately under the machine discharge chute. The procedure was repeated with Sample S2 which has been elevated in temperature by heating on hot plate.  The afore-mentioned procedure was replicated to obtain total of five (5) trials per each of the four experimentations conducted in the course of evaluating the performance of the machine.37
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RESULTS AND DISCUSSION
A 10.0 kg/h automatic combined conveyor-heat extractor machine capable of being used to reduce the challenges of stakeholders engaging in pupuru processing, improve the yield and quality of the product with the intention of meeting the global demand for use in pupuru processing plant was developed and evaluated in this present study. A summary of the design analysis used for developing this machine is presented in Table-1.

Table-1 Results of the design analysis
	s/n 
	Particular 
	Equation No.
	Calculated data
	Adopted data

	1
	Volume of hopper (m3)
	1
	0.00044
	0.0005

	2
	Chamber internal diameter (mm)
	2
	105.6
	106.0

	3
	Chamber wall thickness (mm)
	5
	1.87
	2.00

	4
	Capacity of Electric motor (hp)
	8
	0.5
	1.50

	5
	Speed of reduction motor
	7
	2.875
	6.0

	6
	Number of extractors required
	11, 12
	2. 07
	3



Tables-2 &-3 show the summary of the experimentation data obtained.

Table-2 Details of experimental data obtained on capacities
	s/n
	Heat extractor
	Capacities 
	Capacities
	Capacities
	Capacities
	Capacities

	
	H1
	H2
	H3
	Trial-1
	Trial-2
	Trial-3
	Trial-4
	Trial-5

	
	1
	2
	3
	kg/s
	kg/h
	kg/s
	kg/h
	kg/s
	kg/h
	kg/s
	kg/h
	kg/s
	kg/h

	1
	off
	off
	off
	0.0076
	27.20
	0.0075
	27.00
	0.0076
	27.20
	0.0075
	27.00
	0.0076
	27.20

	2
	off
	off
	on
	0.0090
	32.40
	0.0087
	31.32
	0.0087
	31.32
	0.0092
	33.12
	0.0091
	32.76

	3
	on
	off
	on
	0.0097
	34.92
	0.0096
	34.56
	0.0093
	33.48
	0.0095
	34.20
	0.0096
	34.56

	4
	on
	on
	on
	0.0103
	37.08
	0.0101
	36.36
	0.0098
	35.28
	0.0104
	37.44
	0.0097 
	34.92
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Table-3 Details of experimental data obtained on heat rejection rate
	s/n
	Heat extractor
	Temperature (oC)
	Temperature (oC)
	Temperature (oC)
	Temperature (oC)
	Temperature (oC)

	
	H1
	H2
	H3
	Trial-1
	Trial-2
	Trial-3
	Trial-4
	Trial-5

	
	1
	2
	3
	initial
	final
	Initial
	final
	Initial
	Final
	Initial
	final
	Initial
	Final

	1
	off
	off
	off
	27
	26.8
	26.6
	26.5
	26.7
	26.5
	26.5
	26.2
	26.8
	26.7

	2
	off
	off
	on
	28.2
	27.0
	27.6
	27.2
	27.4
	27.1
	29.5
	27.3
	29.6
	27.3

	3
	on
	off
	on
	60.0
	28.2
	48.2
	27.2
	30.0
	27.1
	42.7
	27.2
	50.0
	27.3

	4
	on
	on
	on
	78.9
	28.4
	61.2
	27.1
	60.2
	27.2
	80.0
	27.2
	60.2
	28.8



The choice of utilizing most of the adopted data was based on the need to work in tandem with the principle of interchangeability of part in case of malfunctioning of component(s).  The performance evaluation of the machine was done based on three performance characteristics, namely: discharge rate (kg/min), throughput capacity (kg/h) and heat extraction rate which was determined in terms of reduction in temperature of the charged feedstock as it exited the machine. The experimentation for evaluating the characteristics of the machine commenced on 24th March 2024 and ended on 27th March, 2024 between the period of 7.00 am – 2.00 pm. A total of 5 trials per each of the four sets of experimentations was conducted while evaluating the performance characteristics of the machine. From Table-2, it was observed that the conveying capacities, discharge rate and productivity, range from 0.0075 – 0.0104 kg/s and 27.00 – 37.44 kg/h with least obtained at exit temperature 26.5 oC and maximum at 28.8 oC. Also from Table 3, it was observed that the maximum dissipating rate occurred with feedstock characterized with initial temperature of 80 oC.  
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The progressive increase in the conveyor capacities, discharge rate and productivity, with feedstock characterized with increased feeding temperature could be attributed to the decrease in the water content, which existed in form of moisture, present in them. The reduction in the moisture would make the feedstock friable and fragment easily, reduce void existing between the particles and less resistant to be conveyed, these effects resulted in the increase in the quantity (mass) of feedstock conveyed over the available interval of time. These results agreed with the findings of Amadu (2016) that the drier (reduction in the moisture content) the materials being threshed the more they become friable and that the throughput capacity increases with reduction in the moisture content. The progressive decrease in the final temperature of the heat-laden feedstock as it exited the conveyor could be attributed to the increase in the heat ejected/extracted (heat extraction rate of) by the extractor due to larger volume of fresh air circulated as a result of increase in the number of extractors in operation to cause exchange of heat due to convection heat transfer exchange among the feedstock and the circulating air and conduction heat transfer between the wall of the trough and the feedstock. Thus, the results show that the incorporation of heat extractor into the processing line to convey Pupuru lump from dried section to the milling section is an advantage in precooling the pupuru lump prior to milling. 

CONTRIBUTION TO KNOWLEDGE
The research has produced a combined conveyor and heat extractor and provided established data on pupuru flour production.
CONCLUSION
The research focused on the development of a combined conveyor-precooling for use in pupuru processing plant. It was primarily developed to alleviate drudgery involved in the indigenous method of handling Pupuru flour especially between drying and milling section. The basic parts of the machine that considered/viewed to be in direct contact with the feedstock, pupuru, were made with stainless material to prevent contamination. The results of the performance analysis revealed that the capacities (discharge rate and productivity) range between 0.0075 – 0.0104 kg/s and 27.00 – 37.44 kg/h when used to process dried pupuru from elevated temperatures between 26.2 – 80 oC. The results indicate that the machine has the least productivity of 27.00 kg/h but it improves with reduction in the moisture content and that the heat extraction rate changes with increase in the inherent heat content of the feedstock. The automatic temperature controller for monitoring the cooling of the feedstock to the tolerable temperature designed in this paper has a high degree of automation, for realizing continuous precooling and enhancing a good production environment.

Hence, in can be concluded that with appropriate design consideration and adequate material selection to specifications, the difficulties in manual loading of Pupuru into the milling and processing points shall be overcome and an eventual prevention of wastage and contamination will be achieved.
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S/N | PartName Material Quantity S/N [ Part Name Material Quantity
1 | Standorframe Mild steel 1 7 | Flange couplin 1

2| Discharge chute Stainless steel |1 8| Heat extraction fan 3

3 | Augershat Stainess steel |1 9| Power/control unit 1

4| Flange bearin 2 10| Trough Stainless steet | 1

5| Hopper Stailessstesl |1 11| Topcoverplate | Stainess steel | 1

6| Gear seduction motor 1
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